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Abstract: Objective/Background: Reports on heart failure (HF) predictors are scarce. We assessed gender-specific HF
predictors.

Design: Preventive case-finding programme, register study.
Setting: City population-based sample.

Methods: We examined 33,342 HF-free subjects, 32.7% women, included in Malmé Preventive Project. Mean inclusion
age was 49.7+7.4 years for women and 43.7+6.6 years for men.

Results: During 21.7+4.3 years of average follow-up, 764 (2.3%) subjects were diagnosed with HF, 120 (1.1%) women
and 644 (2.9%) men. Following bootstrap analysis, the only strong independent predictor of HF among women was smok-
ing. Independent predictors of HF among men were diastolic blood pressure (BP), fasting blood-glucose, smoking, family
history of myocardial infarction, and previous cardiovascular disease (CVD). During follow-up, 5,370 (16.1%) subjects
died, 978 (9.0%) women and 4,392 (19.6%) men. Among both women and men, strong independent predictors of com-
bined HF or all-cause death were high serum-triglycerides, fasting blood-glucose and estimated glomerular filtration rate,
smoking, and previous CVD. Among men, also underweight, high BMI, and systolic and diastolic BP, were strong inde-
pendent predictors of HF or death.

Conclusions: Although women and men shared many predictors of HF, there were several important differences between

Sexes.
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INTRODUCTION

The burden of cardiovascular disease (CVD), including
heart failure (HF), is huge among both women and men in
the Western world and CVD is the leading cause for morbid-
ity and mortality [1-5]. The most important risk factors for
CVD are hypertension, dyslipidaemia, smoking, diabetes,
psychosocial stress, lack of physical exercise, abdominal
obesity and high levels of inflammatory markers [6-9]. Wil-
helmsen et al. [10] reported long-term data showing a re-
maining high CVD risk related to self-reported diabetes and
family history of CVD among first degree relatives. Similar
results have been reported from the Reykjavik Cohort Study
[11]. The INTERHEART study showed that, of all first
myocardial infarctions (MI), 90% in men and 94% in women
could be explained by nine risk factors; dyslipidemia, hyper-
tension, diabetes, smoking, abdominal obesity, poor psycho-
social environment, lack of regular alcohol intake, physical
inactivity and inadequate intake of fresh fruit and vegetables
[12, 13]. The Copenhagen City Heart Study [14] showed that
smoking, hypertension and lack of daily alcohol intake
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conferred the highest population-attributable risk for coro-
nary heart disease among men, whereas smoking, hyperten-
sion and hypercholesterolaemia were most important among
women. Nilsson et al. showed that the strongest risk factor
for coronary events among men was smoking, followed by
hypercholesterolaemia and diabetes, whereas smoking, dia-
betes and hypertension were most important for women [15].

If the known predictors of CVD also are predictors of HF
is not well known, since few studies have assessed predictors
of HF [16-21]. The present analysis was performed in a large
population sample, the Malmd Preventive project [22], with
the primary aim of identifying gender-specific baseline pre-
dictors of HF.

METHODS
Study Design

The Malmé Preventive Project (MPP) was launched in
1974 at the University Hospital in Malmg, the third largest
city in Sweden [22]. The project was a preventive case-
finding programme with the aim to screen for CVD risk fac-
tors, alcohol abuse and breast cancer in the population. Birth
cohorts of inhabitants in Malmé, born 1921-1949, were in-
vited to participate. Men were mostly screened in the first
half of the period (1974-1982) and women in the latter half
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(1981-1992), resulting in shorter mean follow-up time for
women. A total of 12,142 women and 30,818 men were in-
vited and 33,346 middle-aged individuals (33% women)
attended the screening programme. Thus, the overall atten-
dance rate was 71% (range 64%-78%) [22]. At the time of
inclusion, subjects underwent blood sampling (after an over-
night fast), supine BP measurement and anthropometric
measurements, and filled out questionnaires. Patients who
were hospitalised for, or died of HF during follow-up, were
considered HF patients. The following ICD codes in the first
position were used to classify subjects as HF patients: ICD9,
428; 1CD10, 1500, 1501 and 1509. At baseline, four patients
had a diagnosis of HF and these were excluded from all
analyses. A diagnosis of HF (first position) was based on a
clinical assessment, X-ray examination and, to various ex-
tents, echocardiography, according to the clinical standards
of the different time periods during follow-up. In some cases
the diagnosis was based on autopsy. Death and hospitalisa-
tion diagnoses were obtained from the Swedish national reg-
istries. An internal HF diagnosis validation was performed in

Tablel. Baseline Data
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a random sample of 42 (5.5%) of the HF patients and in 300
(0.9%) subjects without a HF diagnosis, included in the
Malmé Prevention Project. Patients were categorised accord-
ing to body mass index (BMI); underweight <22.00, normal-
weight 22.00-24.99, overweight 25.00-29.99, and obesity
>30.00 kg/m? [23]. Hypertension was defined as BP >140/90
mmHg. Estimated glomerular filtration rate (eGFR) was cal-
culated according to the Modification of Diet in Renal Dis-
ease (MDRD) study formula [24].

Subjects

Between 1974 and 1992, a total of 33,342 subjects who
did not have a history of HF were included in the present
study; 10,900 women and 22,442 men. Mean age at inclu-
sion was 45.7 + 7.4 years for all subjects; 49.7 + 7.4 years
for women and 43.7 + 6.6 years for men. The 31% of Decem-
ber 2002 was the study end and subjects being alive were
censored on this date. Subjects were censored on the day of
the last available reliable data on morbidity and mortality if
that occurred before the 31% of December 2002, e.g. if pa-

Women n = 10900 (33 %) Men n = 22442 (67 %)
Mean (SD) Mean (SD)

Age (years) 49.7 (7.4) 43.7 (6.6)
Weight (kg) 65.3 (11.6) 77.3 (11.5)
Body mass index (kg/m?) 244 4.2) 24.7 (3.3)
Systolic BP (mmHg) 125 (16.7) 127 (14.9)
Diastolic BP (mmHg) 82 9.2) 86 (9.6)
Hemoglobin (g/L) 134 (9.4) 149 9.7)
Creatinine (mmol/L) 76 (12.1) 93 (18.9)
Cholesterol (mmol/L) 5.8 (1.1) 5.6 (1.1)
Triglycerides (mmol/L) 11 (0.6) 15 (1.1)
Glucose (mmol/L) 49 (1.0) 5.0 (1.0)
N (%) N (%)
Underweight 3390 (31.1) 4522 (20.2)
Overweight 2844 (26.1) 7929 (35.3)
Obese 1068 (9.8) 1382 (6.2)
Hypertension 2321 (21.3) 4767 (21.3)
Smokers 3808 (37.1) 11041 (49.2)
Family history of Ml 1072 (9.8) 3684 (16.4)
Family history of stroke 1213 (11.1) 2356 (10.5)
Prior Ml 24 (0.2) 70 (0.3)
Prior stroke 13 (0.1) 17 (0.1)

Prior HF 2 (<0.0001) 2 (<0.0001)
Prior CVD 93 (0.9) 151 (0.6)

BP, Blood pressure; MI, Myocardial infarction; HF, Heart failure; CVD, Cardiovascular disease.
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tients moved to another country. In such patients, the censor
date constituted the study end. Subjects were included on
average 21.7 + 4.3 years before study end; 18.2 + 4.3 years
for women and 23.3 + 3.0 years for men.

Statistics

Separately in women and men, all baseline variables
were first analysed in univariable Cox regression models,
with a diagnosis of HF and combined HF or all-cause death
as dependent endpoint variables, respectively. The basic time
variable used was age at the time of the endpoint, with data
treated as left-truncated to adjust for time. The tested base-
line variables were BMI, BMI group (underweight, over-
weight and obesity, respectively, versus normal weight),
systolic and diastolic BP, hypertension, blood (b)-
haemoglobin, eGFR, serum (s)-cholesterol, s-triglycerides,
fasting (f) b-glucose, sex, smoking status (current/previous
smoking versus never smoking), age, family history of M,
and previous CVD. The results were expressed as hazard
ratio (HR) and 95% confidence interval (CI). HRs for con-
tinuous variables are given per unit increase, except for BMI,
BP and eGFR, where HRs are per 10 units increase. P<0.05
denotes statistical significance. All variables were further
tested for inclusion in a multivariable analysis. The multi-
variable Cox regression models were chosen using backward
stepwise deletion of variables. The final models were tested
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using likelihood ratio tests. Bootstrap analyses [25] were
performed to validate the final model, using the more robust
technique of resampling of the full information of the indi-
viduals, see [26] for other resampling techniques. The boot-
strap analyses were performed by 100 resamplings from the
original sample, and for each resampled data set a stepwise
backward deletion of variables analysis was performed in a
multivariable Cox regression model. The results of the boot-
strap analyses are presented as frequency of inclusion of
covariates in a final multivariate regression model. Covari-
ates with frequencies >90% were labelled as strong inde-
pendent predictors and covariates with frequencies >30% but
<90% were considered weak independent predictors [27].
Final multivariable Cox regression models including only
strong and both weak and strong independent predictors,
respectively, are presented. The proportional hazards as-
sumptions were tested using residuals based test [28]. All
survival analyses were performed using the package Survival
in R, www.r-project.org.

RESULTS
Baseline Characteristics, Morbidity and Mortality

Baseline characteristics are shown in Table 1. For the
two endpoints, median time to endpoint was 8016 days (21.9
years) for HF and 6142 days (16.8 years) for combined HF
or death. Interquartile range (IQR) was 2257 (6.2 years) for

Table 2. Baseline Predictors of Heart Failure and Combined Heart Failure or Death in Women and Men (Adjusted for Age). Uni-
variable Analysis
Predictors of HF Predictors of HF or Death
Women Men Women Men
HR 95% CI P HR 95% ClI P HR 95% CI P HR 95% CI P
BMI 111 1.07-1.15 <.0001 1.13 | 1.10-1.15 | <.0001 | 1.02 | 1.01-1.04 | <.0001 | 1.04 | 1.03-1.05 | <.0001
kg/m?

Underweight 0.56 0.34-0.92 0.02 0.63 | 0.49-0.80 | <.0001 | 0.97 | 0.84-1.12 0.65 1.05 | 0.98-1.14 0.19

Overweight 0.90 0.59-1.36 0.61 136 | 1.16-1.60 | <.0001 | 1.03 | 0.89-1.18 0.69 0.99 | 0.93-1.05 0.79
Obesity 3.68 2.43-5.57 <.0001 2.82 | 2.27-350 | <0001 | 1.41 | 1.18-1.69 | <.0001 | 1.67 | 1.51-1.84 | <.0001
Systolic BP mm Hg 1.02 1.01-1.03 <.0001 1.02 | 1.02-1.03 | <.0001 | 1.01 | 1.01-1.01 | <.0001 | 1.01 | 1.01-1.01 | <.0001
Hypertension 191 1.29-2.82 <.0001 217 | 1.84-255 | <0001 | 1.37 | 1.19-157 | <.0001 | 1.50 | 1.41-1.60 | <.0001
Diastolic BP mm Hg 1.02 1.00-1.04 0.02 1.04 | 1.03-1.05 | <.0001 | 1.01 | 1.00-1.02 0.02 1.02 | 1.02-1.02 | <.0001
Hemoglobin g/L 1.03 1.01-1.06 <.0001 1.02 | 1.01-1.03 | <.0001 | 1.02 | 1.01-1.02 | <.0001 | 1.01 | 1.01-1.01 | <.0001
EGFR ml/min 1.003 | 0.98-1.02 0.73 1.001 | 0.99-1.00 0.33 1.009 | 1.00-1.01 | <.0001 | 1.002 | 0.99-1.01 | <.0001
Cholesterol mmol/L 1.13 0.95-1.35 0.18 121 | 1.12-1.30 | <.0001 | 1.10 | 1.04-1.16 | <.0001 | 1.11 | 1.09-1.13 | <.0001
Triglycerides mmol/L 1.84 1.52-2.22 <.0001 126 | 1.20-1.33 | <.0001 | 144 | 1.33-156 | <.0001 | 1.12 | 1.10-1.15 | <.0001
Glucose mmol/L 121 1.10-1.33 <.0001 120 | 1.15-1.25 | <.0001 | 1.19 | 1.15-1.24 | <0001 | 1.13 | 1.11-1.15 | <.0001

Sex: Women - - - - - - - - - - -

Smoking 2.46 1.68-3.59 <.0001 168 | 1.43-1.98 | <.0001 | 2.13 | 1.87-2.42 | <.0001 | 2.04 | 1.97-2.17 | <.0001

FH of MI 2.24 1.36-3.69 <.0001 145 | 1.19-1.75 | <.0001 | 1.16 | 0.95-1.42 0.16 1.11 | 1.03-1.20 0.01
Prior CVD 6.00 | 2.43-14.83 <.0001 478 | 2.92-7.83 | <0001 | 2.93 | 1.92-4.47 | <.0001 | 2.59 | 2.07-3.25 | <.0001

HF, Heart failure; BMI, Body mass index; BP, Blood pressure; Smoking, current and previous smokers versus never smokers; FH of MI, Family history of acute myocardial infarc-

tion; CVD, Cardiovascular disease, eGFR (Estimated glomerular filtration rate).

HRs for continuous variables are per unit increase, except for BMI, BP and eGFR, where HRs are per 10 units increase. HRs for the baseline BMI categories are for the respective
categories versus the normal weight category. HRs for all other categories are compared to the opposite category.
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HF and 2672 days (7.3 years) for HF or death. During an
average follow-up of 21.7 + 4.3 years from inclusion, 764
(2.3%) subjects were diagnosed with HF, 120 (1.1%) women
and 644 (2.9%) men. In all, 5,370 (16.1%) subjects died, 978
(9.0%) women and 4,392 (19.6%) men.

Internal Validation of the HF Diagnosis and the Lack of
a HF Diagnosis

An internal validation of the HF diagnosis was done in
42 (5.5%) HF patients, 5 women and 37 men, randomly se-
lected over the entire follow-up period. Among these, 39
(93%) had data on left ventricular ejection fraction (LVEF)
and 35 (83%) of these had a record of symptoms of HF.
Mean LVEF was 34% (range 10-60%), and LVEF was
>50% in 5 and >40% in 10 patients. Those who had not un-
dergone an echocardiogram (n=3), all had typical HF symp-
toms and typical HF oedema on pulmonary X-ray examina-
tion, and all of those who had normal LVEF had typical HF
symptoms and echocardiographic signs of LV diastolic dys-
function. An internal validation of the non-HF diagnosis was
done in 300 (0.9%) subjects, 90 women and 210 men, ran-
domly selected over the entire follow-up period. Among
these, 269 (90%) subjects, 89 women and 180 men, had no
hospitalisation or HF diagnosis during follow-up. There was
no indication of HF in the 31 patients with a hospitalisation
during follow-up, although 7 (3 women) had a HF diagnosis
in the 3" or 4" position at one occasion, due to transitory
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symptoms indicating temporary HF in connection with one
single hospitalisation. The HF diagnosis was not mentioned
again during follow-up after that hospitalisation.

Predictors of Developing HF

Most tested baseline variables were predictors of devel-
opment of HF and combined HF or death in univariable
analysis (Table 2).

Among women, bootstrap analysis showed that only
smoking was a strong independent predictor of developing
HF (Table 3). Obesity, high BMI, s-triglycerides and fb-
glucose, as well as family history of M, and previous CVD,
were weak independent predictors of HF (Table 3). In the
final multivariable model including both strong and weak
independent predictors, high s-triglycerides, family history
of MI, and previous CVD, were independent predictors (Ta-
ble 4b).

Among men, high diastolic BP and fb-glucose, as well as
smoking, family history of MI, and previous CVD were
strong independent predictors of developing HF (Table 3).
The same variables were independent predictors of HF in the
final multivariable model including only strong independent
predictors (Table 4a). In the final multivariable model in-
cluding both strong and weak independent predictors, also
high BMI, systolic BP and s-cholesterol, were independent
predictors of HF among men (Table 4b).

Table 3. Baseline Predictors of Heart Failure and Combined Heart Failure or Death in Men and Women According to Bootstrap
Analysis. Percent of Random Sub-Sample Multivariable Analyses where the Respective Variables were Independent are
Given

HF HF or Death
Women Men Women Men
BMI kg/m? 42 88 30 99
Underweight 7 45 14 100
Overweight 16 24 6 48
Obesity 57 18 17 37
Systolic BP mm Hg 27 56 81 96
Hypertension 25 29 20 35
Diastolic BP mm Hg 8 100 5 100
Hemoglobin g/L 6 12 8 5
eGFR ml/min 4 12 100 100
Cholesterol mmol/L 2 81 5 89
Triglycerides mmol/L 87 15 98 95
Glucose mmol/L 41 100 100 100
Sex: women - -
Smoking 100 100 100 100
FH of MI 76 98 9 73
Prior CVD 71 100 96 100

HF, Heart failure; BMI, Body mass index; BP, Blood pressure; Smoking, current and previous smokers versus never smokers; FH of MI, Family history of acute myocardial infarc-

tion; CVD, Cardiovascular disease, eGFR (Estimated glomerular filtration rate).
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Table 4a. Multivariable Analysis of Strong Independent Predictors of Heart Failure and Combined Heart Failure or Death, Accord-
ing to Bootstrap Analysis, in Women and Men (Adjusted for Age)

Predictors of HF Predictors of HF or Death
Women Men Women Men

HR 95% ClI P HR | 95%ClI P HR | 95%CI P HR 95% ClI P
BMI kg/m? - - - - - - - - - 1.04 | 1.03-1.05 | <.0001
Underweight - - - - - - - - - 1.36 1.23-1.50 | <.0001

Overweight - - - - - - - - - - - -

Obesity - - - - - - - - - - - -
Systolic BP mm Hg - - - - - - - - - 1.01 1.00-1.01 | <.0001

Hypertension - - - - - - - - - - - -
Diastolic BP mm Hg - - - 1.04 | 1.04-1.05 | <.0001 - - - 1.01 | 1.01-1.02 | <.0001

Hemoglobin g/L - - - - - - - - - - - -
eGFR ml/min - - - - - - 1.01 | 1.01-1.02 | <.0001 | 1.001 | 1.001-1.003 | <.0001

Cholesterol mmol/L - - - - - - - - - - - -
Triglycerides mmol/L - - - - - - 1.27 | 1.17-1.39 | <.0001 | 1.05 1.03-1.07 | <.0001
Glucose mmol/L - - - 1.18 | 1.13-1.23 | <.0001 | 1.15 | 1.11-1.20 | <.0001 | 1.10 | 1.08-1.12 | <.0001

Sex: Women - - - - - - - - - - - -
Smoking 252 | 1.72-3.69 | <0001 | 1.92 | 1.62-2.27 | <.0001 | 2.05 | 1.80-2.34 | <.0001 | 2.16 | 2.03-2.31 | <.0001

FH of MI - - - 1.40 | 1.15-1.70 | <.0001 - - - - - -
Prior CVD - - - 414 | 2.44-7.00 | <0001 | 2.21 | 1.41-345 | <0001 | 2.28 | 1.81-2.88 | <.0001

HF, Heart failure; BMI, Body mass index; BP, Blood pressure; Smoking, current and previous smokers versus never smokers; FH of MI, Family history of acute myocardial infarc-
tion; CVD, Cardiovascular disease, eGFR (Estimated glomerular filtration rate).HRs for continuous variables are per unit increase, except for BMI, BP and eGFR, where HRs are per
10 units increase. HRs for the baseline BMI categories are for the respective categories versus the normal weight category. HRs for all other categories are compared to the opposite
category.

Table 4b. Multivariable Analysis of Weak and Strong Independent Predictors of Heart Failure and Combined Heart Failure or
Death, According to Bootstrap Analysis, in Women and Men (Adjusted for Age)

Predictors of HF Predictors of HF or Death
Women Men Women Men

HR 95% ClI P HR 95% CI P HR 95% CI P HR 95% ClI P
BMI kg/m? 1.06 | 0.99-1.13 | 0.0610 | 1.11 | 1.08-1.13 | <.0001 1.01 0.99-1.03 0.1400 1.03 1.01-1.05 | 0.0074
Underweight - - - 1.33 | 0.99-1.79 | 0.0620 - - - 1.30 1.23-1.50 | <.0001
Overweight - - - - - - - - - 0.96 | 0.86-1.06 | 0.4100
Obesity 1.71 | 0.81-3.59 | 0.1600 - - - - - - 112 | 0.89-1.41 | 0.3200
Systolic BP mm Hg - - - 1.01 | 1.00-1.02 | 0.0110 1.01 1.00-1.01 <.0001 1.01 1.00-1.01 | 0.0870
Hypertension - - - - - - - - 1.09 | 0.99-1.21 | 0.0087
Diastolic BP mm Hg - - - 1.02 | 1.01-1.03 | 0.0002 - - - 1.01 1.01-1.02 | <.0001

Hemoglobin g/L - - - - - - - - - - - -
eGFR ml/min - - - - - - 1.01 1.006-1.01 | <.0001 | 1.003 | 1.002-1.003 | <.0001
Cholesterol mmol/L - - - 1.10 | 1.02-1.19 | 0.0120 - - - 1.04 | 1.01-1.07 | 0.0065
Triglycerides mmol/L | 1.45 | 1.16-1.82 | 0.0013 - - - 1.21 1.11-1.33 <.0001 1.04 | 1.02-1.07 | 0.0004
Glucose mmol/L 1.09 | 0.97-1.23 | 0.1500 | 1.15 | 1.09-1.20 | <.0001 114 1.10-1.19 <.0001 1.10 1.08-1.12 | <.0001

Sex: Women - - - - - - - - - - - -
Smoking 2.63 | 1.77-3.92 | <.0001 | 1.97 | 1.66-2.33 | <.0001 2.19 1.91-2.50 <0001 | 2.15 | 2.02-2.29 | <.0001
FH of MI 195 | 1.14-334 | 0.0150 | 1.39 | 1.14-1.68 | 0.0001 - - - 1.10 1.01-1.18 | 0.0210
Prior CVD 3.81 | 1.38-10.53 | 0.0099 | 4.07 | 2.40-6.89 | <.0001 221 1.41-3.45 0.0005 2.29 1.82-2.89 | <.0001

HF, Heart failure; BMI, Body mass index; BP, Blood pressure; Smoking, current and previous smokers versus never smokers; FH of MI, Family history of acute myocardial infarc-
tion; CVD, Cardiovascular disease, eGFR (Estimated glomerular filtration rate).

HRs for continuous variables are per unit increase, except for BMI, BP and eGFR, where HRs are per 10 units increase. HRs for the baseline BMI categories are for the respective
categories versus the normal weight category. HRs for all other categories are compared to the opposite category.
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Since few patients died of HF (5 women and 27 men), we
did not assess predictors of HF death.

Predictors of HF or Death

Among women, bootstrap analysis showed that strong
independent predictors of HF or death were high eGFR, s-
triglycerides and fb-glucose, as well as smoking, and prior
CVD, whereas high BMI and systolic BP were weak inde-
pendent predictors (Table 3). In the final multivariable
model including strong independent predictors, high eGFR,
s-triglycerides and fh-glucose, as well as smoking, and prior
CVD were independent. In addition to these variables, high
systolic BP was independent in the final multivariable model
including both strong and weak independent predictors of
HF or death among women (Table 4b).

In bootstrap analysis among men, underweight, high
BMI, systolic BP, diastolic BP, eGFR, s-triglycerides and fb-
glucose, as well as smoking, and prior CVD, were strong
independent predictors of HF or death (Table 3). Over-
weight, obesity, hypertension, high s-cholesterol, and family
history of MI, were weak independent predictors (Table 3).
In the final multivariable models, all strong independent pre-
dictors were independent, except that systolic BP was not
independent in the final model including both strong and
weak independent predictors (Tables 4a and b). All weak
independent predictors were independent in the final multi-
variable model including both strong and weak independent
predictors, except overweight and obesity (Table 4b).

DISCUSSION

In the present study, we assessed predictors of HF and,
for the sake of competing risks, the combined endpoint of
HF or all-cause death. The predictors were assessed at base-
line, among 33,342 middle-aged men and women of a Swed-
ish community with approximately 275,000 inhabitants. At
baseline, subjects were on average around 46 years of age,
and since they were followed-up for a mean of approxi-
mately 22 years, subjects were on average still middle-aged
at study end.

Few studies have examined predictors of HF. In the
American study, NHANES | [16], male sex, low education,
physical inactivity, smoking, overweight, hypertension, dia-
betes, valvular disease and ischemic heart disease were inde-
pendent predictors of developing HF, whereas high s-
cholesterol was not. Obesity has been reported to be among
the strongest predictors of HF. In recently published analyses
from Framingham [20], moderate overweight (BMI 25-30
kg/m?) was an independent predictor of developing HF
among women but not among men. However, those who had
BMI over 30 kg/m® had twice the risk of developing HF
among both sexes, compared to those with normal BMI. A
similar risk increase associated with obesity was seen in a
Swedish study of middle-aged men [21].

The predictors of HF in the present study compare rea-
sonably well with those of prior studies, although with some
noteworthy differences [16, 20]. Thus, we found that, be-
sides age, strong independent predictors of developing HF
among men were high diastolic BP and fb-glucose, as well
as smoking, family history of MI and previous CVD. How-
ever, among women, the only strong independent predictor
of HF was smoking. Interestingly, and in contrast to the
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Framingham study [20], neither overweight, nor obesity
were independent predictors of HF in either sex. However,
obesity was a weak independent predictor among women
and high BMI (as a continuous variable) was a weak inde-
pendent predictor of HF among both sexes, and almost quali-
fied as a strong independent predictor among men. Further,
in contrast to men, high diastolic BP and s-cholesterol were
not independent predictors of HF among women. Previous
studies have shown that diabetes mellitus is an important
predictor of CVD and HF among both men and women, al-
though more important among women [29]. In contrast, in
the present study, high fb-glucose was a strong independent
predictor of HF only among men, whereas it was only a
weak independent predictor among women, not even inde-
pendent in the final multivariable model. This could poten-
tially be explained by the relatively young mean age of sub-
jects in our study.

Underweight, high BMI, systolic BP, diastolic BP,
eGFR, s-triglycerides and fb-glucose, as well as smoking and
previous CVD, were strong independent predictors of com-
bined HF or death among men. In contrast, underweight,
high BMI, and systolic and diastolic BP, were not strong
independent predictors among women. Many studies have
shown a relationship between decreased eGFR and increased
risk of CVD and CVD death [30]. In the present study,
eGFR was not at all an independent predictor of HF alone,
whereas increasing eGFR was a strong independent predictor
of combined HF or death among both women and men. This
rather surprising finding may be due to other reasons than
actual renal function. S-creatinine poorly reflects renal func-
tion in individuals with normal to slightly decreased renal
function. Using the MDRD formula, a low s-creatinine re-
sults in a high eGFR. However, a low s-creatinine may be
due to reduced muscle mass, which may be the true reason
for the poor prognosis, e.g. if it is caused by chronic disease.
We believe that a low s-creatinine was predominantly a sign
of reduced muscle mass in our study. Furthermore, the
method of calculating eGFR by the MDRD formula was
developed from a study of 1628 patients with chronic renal
disease [24]. The appropriateness of this equation to estimate
renal function in large groups of patients to study the effect
of renal function on cardiovascular risk factors has, however,
been debated. Because the MDRD equation was developed
from a study that did not include healthy subjects it has
raised concern of underestimating GFR in healthier popula-
tions. In a study by Rule et al. of 320 patients with chronic
kidney disease and 580 healthy kidney donors, it was re-
ported that the MDRD equation underestimated GFR by
6.2% in patients with chronic kidney disease and by 29
ml/min/1.73 m? in the healthy group [31]. Since our patients
had normal or close to normal renal function according to the
s-creatinine values, it is wise not to draw any firm conclu-
sions regarding the relationship between eGFR and the out-
come endpoint of HF or death.

We have not done any formal p-value adjustment for
multiple statistical testing [32]. However, anyone is free to
make their own judgment as to whether p<0.05 or e.g. <0.01
should denote statistical significance, and consider inde-
pendent predictors accordingly. With rather few exceptions,
most independent predictors showed p<0.01 in multivariable
analysis.
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STUDY LIMITATIONS

Importantly, the present study included subjects who
were relatively young at baseline and who were followed-up
for the limited time period of 22 years, at which time point
they were on average still quite young. This is illustrated by
the observation that only around 16% of all subjects died
during follow-up, 9% of the women and 20% of the men.
The predictors may change during life and may be different
at a later stage in life. Further, predictors may be different
among subjects of a mean age of around 65 years at the time
of endpoint assessment, as in the present study, as compared
with subjects of a more advanced age. Therefore, our results
may not be universally applicable. The HF diagnosis, as well
as a lack of a HF diagnosis, may not be entirely correct.
However, our internal validation suggests that it is largely
correct. Patients who were diagnosed with HF without any
hospitalisation or death during follow-up were not identified
as HF patients. However, it is unlikely that a patient with HF
will survive for many years without any hospitalisation. We
have not assessed social, ethnic or educational background
of the subjects, which may be regarded as a limitation. We
did not have general access to data on cardiac function, e.g.
LVEF, which also is a limitation. Lastly, we do not know if
there was any selection bias of our subjects at the time of
inclusion.

In conclusion, while independent predictors of develop-
ing HF were similar to the classical predictors of CVD
among men, women differed quite substantially in this re-
gard. This was also largely true for independent predictors of
combined HF or all-cause death.
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